A precision magnetic survey for the investigation of current activity in the Earth's lithosphere has been carried out in the Urals and in the Carpathians. As a result of this research three types of time variation of the total field were discovered. These are:
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The main objectives of these systematic long-term researches into geomagnetic secular variation are, first, to establish special features of the space-time structure of secular variation in the area under consideration and, secondly, to discover local anomalous effects in the secular variation. Such an approach enables us to examine regional details of secular variation which obviously reflect specific features of the development and the structure of some blocks of the crust, and which may be used for studying the deep structure of the given area, to discriminate deep blocks of the crust, etc.
The anomalous secular variation can serve as an indicator for a number of processes in the crust and is of importance as a dynamic parameter used in combination with other geological and geophysical data to study the present dynamics of the crust.
2 Geological and geophysical information about the areas under consideration
T H E U R A L S
Geomagnetic investigations in the Urals are being carried out in a polygon of 400000 km2 taking up practically all of the Central and South Urals in addition to some extensions into the Russian Platform and the Western Siberian Depression (Fig. 1) . The polygon includes the main tectonic elements of the mountainous part of the Urals, as well as the essential features of the Urals' connections with the adjacent Forural and Transural regions.
The area under consideration has been thoroughly studied by means of a combination of geological and geophysical methods, enabling us to assess specific features of the deep structures of this part of the USSR. In the central part of the geomagnetic polygon, the Ufa extension of the Russian Platform, is located one of the principal centres of present-day elastic stress concentration (Bulashevitch et al. 1976 ). There are permanent and temporary seismological, geomagnetic, magnetotelluric and Earth tilt stations in the polygon as well as two magnetic observatories in Visokaya Dubrava and Arti. Geomagnetic observations are carried out at over 3000 long-term points located uniformly along the network of roads with 4-6 km spacing (Fig. 2) . The whole area has been under airborne geophysical survey, square and profile seismological researches are being carried out, and a gravimeter survey has been completed.
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A
Point of reference
T H E C A R P A T H I A N S
Geomagnetic studies in the Carpathians are being carried out in the geodynamic polygon located on the south-western side of the Soviet part of the Carpathians along the frontier with Czechoslovakia, Poland, Hungary and Rumania (Fig. 3) . The polygon includes the principal tectonic elements of the South-Western Carpathians and Transcarpathian trough as well as the Pienin deep fault. The latter is the main seismotectonic line to which the epicentres of most local earthquakes are attributed. In this area the latest differential crustal movements are manifested (Gophshtane 1964) . The present tectonic activity manifests itself through high seismicity, anomalous heat flow, increased conductivity and local anomalies of secular variation Bondarenko, Bilinskey & Sedova 1972) . A network of fundamental stations has been set up to study geomagnetic parameters, and seismic and magnetic stations are in operation. Geomagnetic measurements are made at 100 points located uniformly over the whole area. The distance between the points ranges from 2 to 5 km.
Measuring technique
In recent years the study of geomagnetic secular variation in the Carpathians and the Urals has been carried out with a high precision survey of the total geomagnetic field T. We use proton magnetometers with a precision of 0.05-0.1 gamma. The method of synchronous observations is used. At each ordinary point six measurements of the total field Tare made within 1 min and the mean value Tmean is calculated. At the base point continuous recording of the field variation is made with the help of a magnetovariational station installed in a constant temperature pavillion. The registration speed of T, Z, H , D field components is 90 mm hr-', the sensitivity for 2 and T being 0.3 gamma mm-'; for H, 1 gamma mm-'; and for D 0.2minmm-'. AT is the difference between values of total field intensity measured simultaneously at ordinary and base points. The measurements at the ordinary point are repeated over one day at intervals of several hours (Golovkov ef al. 1977) .
Differences in character of induced geomagnetic variation, due to an external source field, make is necessary to set up a network of base points and to carry out investigations consecutively from each base point. For instance, in the Urals, where the polygon takes up
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75 720 x 550 km', observations are conducted at seven base points. Two of them are permanent magnetic observatories and five are temporary magnetovariational stations functioning only when observations in the polygon are conducted. In the Carpathians with a far smaller area under research two base points are in operation, one of them (Nl) functioning all the year round, and the other (N2) only when measurement of the secular variation is made (Fig. 3) .
At various times of the day at least two series of independent measurements are made at the ordinary point, and so two values A T , and AT, are calculated. The difference 6 T = AT, -AT, obtaitled during the first and the repeated series depends on the experimental errors, and on how different are the field variations due to an external source, at the base and at the ordinary points. If 6T exceeds the possible errors of measurement, there obviously exists a difference in the crustal responses to these rapid geomagnetic variations. In this case, at an ordinary point a long series of measurement is made lasting 12-100 hr at 5-10 min intervals. The curve T ( t ) is constructed and mean value Tmem is defined, from which a useful AT can be calculated. Repeated cycles of observation in the area under examination are conducted every year.
Results of the investigations
The results of the repeated observations in the Carpathians helped to discover local anomalies of the secular variation with magnitudes up to 20-25 gamma (Sobakar, Somov & Kuznetsova 1975; Kuznetsova, Melnichuk & Maksimchuk 1977) . The anomalies are associated with the Pienin deep fault in Transcarpathia. In the Urals two extended zones were discovered with similar anomalous variations. One of these zones, located 100 km west of Tiumen (Fig. l) , has been traced over 200 km within the survey area. This zone coincides with the conductivity anomaly discovered earlier with magnetovariational profiling, and is associated with the tectonic structure of the Talitsa Megasynclinorium of the Transural Elevation (Shapiro & Piankov 1975; . The other zone, located in Bashkiria, is in fact not a single anomaly, but a series of anomalies (Shapiro & Piankov 1976 ). This anomalous zone was traced over a distance of about 600 km. The anomaly in Bashkiria coincides closely with the system of deep faults in the Forurals Marginal Deflection, separating the Russian Platform from the Urals (Fig. 1) . In 1975-76 to the east of the V. Avzyan and Yuldibayevo, another anomalous zone was discovered coinciding with the tectonic structure of the Zilair Megasynclinorium, and having an anomalous field similar to anomalies discovered earlier. Apparently, Bashkiria's as well as Butka's systems of anomalies are conductivity anomalies. Thus the elevated part of the Urals is separated from the main structures of the Russian Platform and the Western Siberian Depression by distinct magnetic field anomalies which coincide closely with the conductivity anomalies.
In recent years new observation points have been set up in the polygons, and high precision studies have been conducted. Thus in 1974-77, over most of the Urals polygon, the root mean square observation error based on 100 per cent repeated measurements was k0.27 to kO.32 gamma. In the Carpathians, the average observation error of a single measurement in 1976-77 did not exceed f 0.3 gamma. The observations conducted in the Carpathian polygon in 1976-77 served as a basis for an analysis of the spatial distribution of 6T over the whole area under examination. It was found that maximum differences under repeated measurements (6Tm,) were up to 2-3 gamma and in some cases 10 gamma. These differences were obtained in close proximity to the Pienin deep fault. The 6Tin the central and southern parts of the polygon do not exceed 1-1.2 gamma. The above details For each category mean 6T values are calculated, with histograms illustrating 6 T variability (Fig. 4) .
Comparison of the histograms shows that beside random errors there exist, in the deep fault zone, systematic deviations that exceed the mean value of 6T by up to 2.2 gamma (category b). There is a normal 6T distribution for the southern and central parts of the polygon; here there are no systematic deviations; initial and repeated field values become similar and 6T scatter decreases to 1.1 gamma (c). If for measurements made during geomagnetic bays the 6 T values are excluded, then the distribution of 6 T becomes normal with 6 Tmem = 1.2 gamma (d). Similar results were obtained at Butka's and Bashkiria's anomalies in the Urals. The analysis showed that the increase of 6 T depended on the specific features of the geomagnetic variations and that this increase is caused by the Carpathian conductivity anomaly. This anomaly is associated with the deep fault dividing the inner and outer Carpathians. Spatially the axis of the anomaly duplicates the contour of the Carpathian arc and can be traced in the Southern, Eastern and Western Carpathians Bondarenko et al. 1972 ). The anomaly is caused by redistribution of induction currents both in the inhomogeneities of conductivity in the surface (sedimentary) layer and in the deep conductive zones. The Carpathian anomaly is most strongly displayed during geomagnetic bays lasting from 0.5 to 2-2.5 hr. Gradients of the anomalous field increase to the north-west along the Carpathian Arc. In some areas due to an induction current channelling effect, considerable local changes of geomagnetic field variation are observed.
Let us take as an example a continuous series of observations conducted over 24hr (Fig. 5) at point 28 located 30 km to the north-east of base point 1, and several kilometres to the north of the axis of the Carpathian electric conductivity anomaly (Fig. 3) . At this point the geomagnetic total field was measured at 10-15 m intervals with a proton magnetometer of ? 1 .O gamma sensitivity. The results of the field measurements at this point were compared with the changes of the field T, registered at the base point 1. As can be seen in Fig. 5 , the maximum AT is observed at 19.00hr, when the difference of the two fields reaches 40 gamma. This moment coincides with the geomagnetic bays seen in the H , D, Z and T components of the geomagnetic field, which were registered at the magnetic observatory of Lvov and at the base point N 1 in Brod (Fig. 6 ).
Discussion of results
Comparative analysis of a precision magnetic survey of the total geomagnetic field Tin the Carpathians and in the Urals, shows that in both areas there exist specific regions with at least three types of anomalous field variation.
First, there are those regions that can be looked at as having a normal field. The characteristic of these regions is that the field difference AT practically does not change with time. In such regions the differences between initial and repeat observations are small and Stations of category 'C' (Fig. 4) 
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Stations of category 'B' (Fig. 4) do not exceed 0.2-0.3 gamma, which corresponds to the theoretical observation errors. Analysis of increments of the field from year to year does not give any geophysical information except undisturbed secular variation. Field changes can be used only to evaluate the observation errors. Secondly, there are the anomalous spatially limited regions with the field AT changing slowly from year to year. The magnitude of these changes is essentially different from the normal pattern of secular variation in the area under examination. Among such regions can be cited the Manchazh anomaly of secular variation in the Urals (Bulashevitch & Shapiro 1975 ). The differences of initial and repeat observations (within one day) are also close to the observational error, and do not exceed 0.2-0.4 gamma. The normal pattern of secular variation, however, is disturbed by slowly changing sources located in the upper strata of the lithosphere. The anomaly scale precludes deeper sources. Studies of anomalous variation in such regions bring under examination the dynamics of the source of the anomaly, and help to solve the problem of its origin. It is assumed that the cause of anomalous variations in the Manchazh anomaly is a tectonomagnetic effect due to elastic stresses in this part of the Urals.
Thirdly, there are regions where the magnetic field changes significantly from year to year (up to 10-20gamma), but where quickly repeated observations of such anomalies show that the anomalous field changes there even in the course of 1 day (Fig. 5) . This can be clearly seen in the case of DP-variations or substorms (Fig. 6) . Both in the Urals and the Carpathians such anomalies form extended elongated structures the width of which is from several kilometres to about 30 km. Along a profile which crosses such an anomaly, the DPvariations of the vertical component of the geomagnetic field (Bondarenko et al. 1972; Kuznetsova et d. 1977) sometimes change sign while growing. The anomalous field there does not follow any simple law and forms a complex space-time pattern as is the case with the Butka's anomaly in the Urals Shapiro & Piankov 1976) . Comparison of the location of such anomalous zones with geological-tectonic diagrams shows that they always coincide with deep faults along which the strongest recent crustal movements are registered. Associated with such anomalies are the anomalies of other physical fields. The analysis of the complex geological and geophysical data in these regions enables us to state that zones of anomalous conductivity can be disclosed by high precision geomagnetic surveys. It is important to note that in many cases such zones characterize the most active regions from the geodynamic point of view. Thus in the Urals from 1975 the geomagnetic field anomalies are being used to reveal the active regions. For the purpose of finding and studying active faults, a special geomagnetic survey was made in 1976-77 in the Muya valley of the Buriatia (Ivanov et al. 1977) . V. A. Shapiro and V. G. Kuznetsova 
Conclusions
The analysis of precision geomagnetic surveys in the Carpathians and the Urals shows that three types of geomagnetic field variation can be singled out with confidence: the normal field variations, reflecting the role of the usual secular variation; slow localized anomalous field changes from year to year, corresponding, presumably, to anomalies of a tectonomagnetic nature; and irregular more rapid time changes of the field with large amplitudes, corresponding, apparently, to conductivity anomalies. Magnetic field anomalies coincidmg with conductivity anomalies are detected both in the Carpathians -the region of the Pienin deep fault; and in the Urals -the Butka anomaly of the Talitsa Megasynclinorium, the zone of the Bashkiria anomaly of the Forurals Marginal Deflection, and the Zilair Megasynclinorium. All these anomalies reflect current processes in the Earth's lithosphere, and show that geomagnetic investigations provide a sensitive means to study such processes.
The comparison of the geomagnetically anomalous regions mentioned, with the currently geologically active regions of the Carpathans and the Urals polygons, suggests that these geomagnetic anomalies are always located near the strongest recent crustal movements revealed by direct methods, e.g. geodetically. The Carpathian, Butka and Bashiria anomalies appear to outline the most active areas of the appropriate regions.
We can with confidence state that the study of anomalous zones revealed by precision magnetic surveys allows practically unique detection of the active tectonic regions. These investigations provide important information about current processes in the Earth's lithosphere, and may probably be used for predictive purposes in combination with other methods, in the study of earthquake precursors.
